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mm^} mmm 

^mjkrfm2(Dmm^mt. mmiRz:^m2(D^m^m(Dmizmm^titchy^ 

[a*^4] trfia^K^^ffiM*^. Mn-X (XliC r. Fe, Co, Ni 
, Tc, Ru. Rh, Pd, Re, Os, Ir, P t $ < % 

[M^^5] mWr^mi)"^. TI, V, Cr, Mn, Fe, Co, Ni, 
Cu, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Hf, Ta, W, Re, O 
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[»^^6] tufBmi;S:t5^2(Z)M'f£MA\ Fe, Co, Ni, Xlt. 

[lt*^7] Btffa^^i/-;!/ KA'J, Fe, Co, N i ^^^^ t-t^W^M 
S-a-^, Xli, Co-M (MliTi, V, Cr, Fe, Ni, Cu, Zr, Nb 
, Mo, Tc, Ru, Rh, Pd, Hf, Ta, W, Re, Os, Ir, Pt, 

Si, Aii)^ibmn^t\.^'pfs^<ii%imm(D^m) ^^m^ii'r^4¥^0MW^m 

tt-^^, T-A-B (TliFe, Co, N i •fy^^mn^tl^'Ptji< t.^ 1 

UM<D^m. AtiTi, V, Cr, Cu, Zr, Nb, Mo, T c, Ru, Rh 
, Pd, Hf, Ta, W, Re, Os, Ir, Pt, Si, Alfj^^M^-^n^ 

il?^< iit) iS^cD^*, BtiB, c, N, o*^^^^$tl-s^^>^< 

©TC^) -S^JCi^tt-^^, Xli, F e - S i - A 1 ^ri^^il-fSl^C 

[M^^ 8 ] tffia T M Rm i: tafH^ 2 (D?^^ ^/ - ;i/ F h tc^-^i" 
S ® tuMH T M R )^ ® trjf 2 (Z) ^> - ;i/ F i: *f r6l -5 ffi ® ® ^JS^T 

y Fc 
Fo 

iah>:^;i/g?^i^^^m^^ (^^^T, TMRi:ig^4') mti^^^jt^^^mi^nmT 
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M R miC A >f r X 5: TO-r S ^SBPMJlSc S: ^ <5 T M R^i^ 5: -5 X@ 
ttftaTMR^^SrJ^^-rSX^jb'J, TM RM^r^M-T -SXSi:, ^TMRi^± 

mTMRm^^^^-~y^'r^:nn}i. mmm^mmyit h vt^y^ h^y^iz 
^-Dxvy hytyt^jm^.^m-r^^t^ii^WL}!^^. 

[0 0 0 1] 

^^m\t. m%'f>( y^mm:m\z^m-^t\>^mmM%^v }^\zmi^. miz^m 

[0 0 0 2] 
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li, TA Magnetoresistivity Readout Tran 
sducerj (IEEE Trans, on Magn, .MAG7(197 
1 ) 15 0) ^CM/^e>4^TV^^. 
[0 0 0 3] 

jtif^m^tl^. Xbr>A;l/^^^$:MV^fcMRv\^y K^CoV^Ttt roe s i gn 
, Fabrication & Testing of Spin — Valve 
Read Heads for High Density Recordi 
ngj (IEEE Trans, on Magn, .Vol, 30, No. 6( 
1 9 9 4) 3 8 0 1) lC|B«*^fe<2>= b*^L/^*^?>, ||^®M R /\ FlC® Ml? 

^^xifyjijv y^m^ {c J: s mnm.in.^itm i.t.m% izt^-r> -m^mmm ^ mm 

[0 0 0 4] 

y:^)vm^m%i&w.^^ (TMR) tmtnx^^^^o r(^)m©i^^*^¥^fT^ 
^t^izitm-iftma^Mybii^j^v. R^^nx:^^t.^izitm.mmt>mi<}i^jt^. m 
oT, mm^mizumi]m^i^^-t^:r.inz^^x. m^(D^-^izf^\::,xm'ft(D 
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Mt-^X^-^o Journal of Applied Physics, Vol.79, Page 4724~4729, 19 
[0 0 0 6] 

M^M^mmL. m^m^-r^^^^m^x 1. 2-2. onrnmcDAim^mm 
■r-So z:(DA immm^mm^u-mmzm^:r.iiiz^'ox. a 1 ^o^fj^^tjt^ 
hy:^)VJ^vrm^m-^-t^. «^ic, z<Dhy:^jvAvrm^i^rLx^i<D^ 
m^mtm^jt^^oiz. coti^^rjt^f^zay^m^m^mmLx. -t^mmmcD 

[0 0 0 7] 

^(Di&m^mmnhx. ^^gg^s-e 3 2 54, #53^6-244477, # 

8- 7 0 1 4 8, 8- 7 0 1 4 9, 8-316548 ^tK Tig 

97^, H2f:/;5:ma^^^iS> 2i#, 493'-496Hj ^if;&^fey, h>:^;i/AyTM 

®?^^:&si:bT. Aim^^mvr=.mz. :Km,^izmvxAi^o^^m^-^'& 

[0 0 0 8] 

^^^li^rs-s*^, '^^nmxitm'f-!^^^m^jto:it/^<-t^rjtm^mmi)mi^ 

[0 0 0 9] 
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[0 0 10] 

#M¥9 - 2 0 9 2 9 2 JCI±, |IMlCig:.ll^^mffi^U^##m:^«ffi#'ffi$:« 

o 

[0011] 

$e>fC. #J^^9 -2 0 9 2 9 2t'ti. l|l(Z)^^ffiM, h > U TM, 

^ 2 ® §t?^ttM ^ L o o mmm^ -r S i: , t l © S^^^'SM 

[0 0 12] 

011 ^^MLX. 4fM¥9 - 2 0 9 2 9 2 ©iCxE^ ^tl^TMRj^WiSjt:^ 

mLt:^mz mi i (a) ) , m^^m^^iit^<mmm^mAi^. mnmi 2 
(Dmm^^f^m^thx hy^^j^y^'^vrm I 3 ^mm-t^ mn (b) ) „ 

(SI 1 (b) ) li. ^mMco^-fb^T'tjIli^^^^ttMi ii:©#®ic#«M 
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uRmom^^mm^^^^it^ mi i (c) ) „ mz. ^^m^mi 
i^xTMRm^(Dm^mm:^%^-^-^^ mi i (d) ) „ 

[0013] 

tfjt^o "tcD^m. %^^nr=.m^xit\:fy^-juzj:s^m^mm<Dm^miy 
a- ^®^v^^^f^#^4*^^i^^^So Ai<z)^^-M^^;tycD^^ea 

:n:^J\y^-itF Co. N i J: U V^fc^!?). h U T»i:^^ A 1 

^^Lfe«^icii, |gI#^Sfi*^e>T^i:^S^l®§t?^ttMl i JcM-t-S^^J 

[0 0 14] 

012 S:#MLT, #J^¥9 - 2 0 9 2 9 2 ICM^ ^ tl^ TM R^^a)t^3f5® 

iSigx^sr^^-t-So HK^s^i^ffiMi i^^mhr=.mz 012 (a) ) , k 

S*lC^^$:#AbT, ^<Z)^ffilc^'f[:S2 1 $:?^^i-^X^$:;!;0;^-5i: (Hi 
2 (b) ) . ri?ccDXS-e^«Si 2$:^l^-r-5l^icmi®^?^ttMi 1*^^^« 

M 1 2 ic^mj£fcA^®3 »; (HI 2 (c) ) , mmmi 2miz^mitm2 sti'm 
4*^?^^$tisfe«) (HI 2 (d) ) , ^vmi^mmzmnt=.m'f-ff^mm^n?> 

c ^^$:^^L:^^, ^2®3t?g^'l4Ml 4$:figj^L (H 1 2 (e) ) . BL^m^ 
Ml 5$:figMLTTMR^^©S:*^?t5:^^$-&S (H 1 2 ( f ) ) , 
1 2{RlIlC^^;5;^>f[:MS:?^^!fet--2>fe«)lCtt, ^liM 1 2<Dmm-m^mt=.^) <D^ 
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Hth^o mM^m\z¥B^ Co, N i ^fel±^tif>&-^tf^^S:MVNfe^-^lcii 
[0 0 15] 

ft®"??, Hi^inl/^ hn:^i57X 1997.4.7 (No. 6 8 6) ^C^^^^^TV^-S 

T - ;i/ F IC L T V ^ S o 
[0 0 16] 
[^^*^fi?SSe L J: C) i: t-SfgH] 
01 0^C^$tlTV^S^^t(Z)^gl?^i, H^^^y K®^«?|g?:SSt^t--5?^^^> 
-;i/F^lCtt, *e^Ml 1 7, TMRm:g:tJ^-hT«Ml^l 1 Bts^^tjt^TMKm 
^11 9*^#^-rs:fe«?), TMR^^-iiJiT®?^^^-;!/ Fi:<Z)+i>^*feii^5:^ 

t>^*^e>i/-;i/Fr^PiS:a<t--2>3i:7^^i2^MT'^So *e^i^cD^ 

^$:TMRM®±TTV^°^::l>^^L, «^r^Pg$:-b-:/^ ^ 0 > "t-S Zl i: l±7 >r 
[0 0 17] 

[0 0 18] 
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1 j&.z:^m2(Dm^iy-;i K^, mM:^(Dmn.ty-)iy }^<Dmizmm^tit^m^m.m 
1 (Dmmmt m^m i (Dmmm:t.m%^^ v •f^igk/v-^n\^^^^ 

s nmiz d: o xm%m.mm^ ^^^^i±^mi (D^m^mAxj^^ 2 (D^m^im n 

[0 0 19] 

mTMRm^mm-t^jimi. mTMRm±izz7it s i/s^^:^ h'r:^^^m^-t^ 

X@^, h UV:^ ^v;^^^Ci:oTtf^fHTMR|^$:7^°^-Il>^*'r-g>X@ 

[0 0 2 0] 

m (aT> TMRiiiqi^t) mti^^^j^^^^mmiimTMRmizA4r^m$^^m 
M-t^mmmmt^m-t^TMRm^^m^-t^jimt. m2(Dm%iy-)i ks: 
?^^t-sxsi:5:^tf, mm.^tn.mmmm^^v }^<7)mi^:&mx&-DX. mmr 
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[0 0 2 1] 
[0 0 2 2] 

iiM\^-t^m (n:T^Tu>y®o PAT. ABsffi^ng-T) i)-^ ^ ^t^mmm^^m 

KS 1 (10 1) RXJ^S 2 (111) r.(D-m(7)M\^-t^m%ty-JV\^S 1 

(lis) iii>mm^ti. M:&(Dmmp lAxj^p zmizmi-f^tit^m^^^v:/ 

[0 0 2 3] 

3 Onm^(DTa|^l 0 2,1 0 nm^CDN i - F e ^ ^SUl (D^i^ISM 1 0 

3. Rxj^2nmm<DAimf)^^tit:^mnm^j^mLx^j-^yitmm-t^. 

A l^mM^M^^fkLT h>;^^;i/AUr»l 0 4 ^rJ^^-r-So Co- 
F em*^e>^Sl|2<D^^^ttM 1 0 5, S.tJf, 2 0nmff(DN i -Mnm3b^e>^S 

E^m^mi 0 6^::^Ay^mmh. TURmtim^^-^r^o TMRm<Dmm^ 
^mmiz^vrjv^^iii^^tst^^m^mmmi 0 7^ coc^pt*^ 

mmz^^t. TMRm^/-^^yitLr^m<Dmmi)'4¥miimmmxm^tit^^ 
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fetis. ^^iz. mmmi 1 o^7./-^y^mmi^. ±ty-)v\^ 1 1 1 thxmm 

3 fim<DN i - F el^$:^ b-A«?)o^^Tv\°^ T JV ^i-lZj^^m% 

^f^izmmmo^mmi 13i:LT4/ttmCDNi - F em^y iy-Ai^-D^mz 
[0 0 24] 

n 1 <z) mm^m nmzcD mmmm tKDmizhy^jvj-^vrm^mAjt^mm^n^ 
xmrn-r^. ^'i>cry.m^^^.i^-t^ti^mmmiif}^^mm-^tix\>^^. 

[0 0 2 5] 

±mmM^mmvr^:r.t\z^i). TMRm^izA>(r7.m^^^Mt^:itii^ 

[0 0 2 6] 

pj^nz. :^mmmmm<D^^y ]^(Dm^M-:^u-k:;^^MizwmizMm-t^. x^-r 

• ^miZj:i)mmi fim<DCoT aZrm^mmi^. T5/-;i/FSl (10 1) ^ 
LT/>°^XbL/;/bo ZlODCoTaZ r 1^(Z)?^^^IC ttH 1 ^;&:&|^IC— 7^ [Sltt© 
a#S:PPiDb:to r(?)?^^M^'(i7^InIlC5 0 O0e®-^lpl?^#S:gfAnL 

oo3 5 OTCT 1 ^P4(^^»!l^^aS:fTofeo r^^lCX Ay ^&IC j: U tf^r^M^h 
^-5TMR)^$:?^^^L;^o TMRj^ilbTli, Ti/-;!/ F S 1 ^*^^jli^C, 
3 OnmJ¥®T (10 2), 1 Onm^(Z)N i - F e|^7b^^^-5ll 1 (D^M^M 

(103), Rzj^. 2nmm(DAimf3^^^jt^m^m^j^mhx:;^/-^y iimmiytcL 
^mn^m^^t^o xA-/^^#ii-r^TAy^^^>Kffi:^ji x i o~'^iott&, 

T. A rJE:^j 1 OmTorr, 2 0 0 Wi: Lfeo ^klz. :^ A ^ ^Jf^ttP^lc 

M^^$:^Ab, ^^JE:t?$:2 0mTorr'-2 0 OTorrCD^ffiT' 1 O^^-^^itLT 
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, Aimmmmm^mitvx hy^)\y^^v7m do 4) ^m^vr^. mm^m 

(O^m^m (10 5) , ;5:tJf, 2 Onm^(DN l -Mnj^*^e>'^'£>;K5^^^'ffiM5:X 
[0 0 2 7] 

fi2(D^?^ffi» 1 0 5 tR^mitm 1 0 6 iKDmiz^mm-^mn^m 

^SfeiblC, AB S®lC>t>f LTSil::J^rnIiC3 kOe©— :&|Bl?^#$:N3*IIboo 2 7 
OiCT'5^^®^^aS:fTo7to 3<Z)?^#(?)^fnIli5fclcTi/-;i/ FSrl^^SLTt 
^®l^#<D:&[oI^llia:3SLTV\So TS^-;!/ FT'^-SC o T a Z 

rj^li^i?)3 5 0'CT'f^Mal^tlTV^Sfe«b, r ©I^^S Sr^f o T -ea)?^'fl: 

[0 0 2 8] 

ABsmti^^^r^mmmmmx:^^. TURmit. t^mio2, K^m^mi 

0 6, ||1®^?^'SS1 0 5. h>^;bAUTMi 0 4\ ||2®^?^ffiMi 0 3 

. i¥miimmmi 1 4J&^e>«^$tl^o m2(Dmmmmmit. TMRMcD^jt*^ 

tC, 3 OnmjpCDT aj^l 0 2, 2 0 nm^© P t -M n e> ^^-S^K^i^ffil^ 1 0 
6, 2 Onmj^^C ol^>()^e>3&■g>ll 1 1 0 5, S.t>\ 2 nmjp:© A 1 

y r ® 1 0 4 (Dmmzmm Lt=.7. /\° ^ ^g, x ^ ^mtmmmmm i tm 
mx$>^. mmtim^i^xAy ^ i^miJizm^Mi^t^m.. lonm^^Ni- 

F e-Comif^^^Jt^m2<D^m^m 103, RXf. Onm^X a*^e):^S 

^m^mmmi 1 4^mmvx7./-^^y^mmiyTMRm^^^-^'\tr^, z:<d^<d 

. m2(D^miimi 1 4(Z)^'fb$:®2®AB SMtC^LTStt^&InllCS^t- -S^ 
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[0 0 2 9] 

Ml 0 3. h>:^^;i/AUTMl 0 4, ^ 2 1 0 5 , JkX:^. Rm^Mm 

mi 0 e-fy^i^rjt^mm^m-t^. mscD^^mmmmmit. TMRmt.±^y-jv\^ 
1 1 1 hicDm-^^-/)^ AB smizminhtjtii^::: inzi5\<^r mi (DmMmmmum^^ 

S„ itlii, $fi^]^l i 0 $:U >^ h>^-7-rS|^(^)TMRM(Z)^^^y^^l{g5:S^^■r 
T'mv>„ ZKDTMRM^SCDAB Sj5)^e>(Z>lEilttO. 1 ;(t m;()^ 5) 1 M mT'fe<5o 
TMRj^<Z)#mJet^«IISS?^^Ml i:l^#-e^y, ^JgJ^ffiMl 

[0 0 3 0] 

=bM^^^:'fit®^'fb^iSi:^if*s<, i^^^in:^^k^=b^i o%®M'>^c:Jh*oTv^ 

fc. TMR^^y \^0m-^mt!ms.tLxit. mmj^mmiRx:f2mzi o^k/cm^ 
(Dmm^mxm i tavv$> u , 5x10 ^k/cm^xm 1 Mm 2 mmmmmxitm 3 
mv. ii3®iiig?^ffi.MT-ii^2mVT-feofco m 1 Rv^m 2 ommmMmmc. ' 

^#li3 OGb/in^j^iCDlB^ggMJCi&^^^jJfrT'^'Sr illC:&So ^3®||Jfe?^^ 
M-eii, AB SMlc^bTTMRmi:±i/-;i/ F 1 i i tom^^ifj^Mlz^U-t 
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[0 0 3 1] 

xyA*f!f;_h{C, ^IC j: y MM 1 ^ m© F e T a Nm$:?^^L/, TS/-;i/ 

FS 1 ilbTA^^ftb, (04 (a) ) , 5 0 0X:T' 1 ^ra^^cfiT' 

[0 0 3 2] 

mzy^/^y ^miz^ijtp^m^nrjt^TMRm^m^vt^ (b) ) , t 

MRMi:LTli. ^-rrsy-;!/ FS lM*^e>JlSJC. 3 0 niii^(Z)T a M 1 0 2 , 1 
OnmJp:(Z)N i -F e|^A^pJ;^S||l 1 0 3. 2nmM(DAll^*^ 

A^y ^ > FJEb:d 1X10 ""^TorrJg^T, A r BiJ 1 0 mTorr, ^m^MiJ 
2 0 0W-efeo:t„ 7j?C{C, ^^gp^lcM^^Sr^Ab, ®ESffi:^J$: 2 0 mT 

orr~ 2 0 0 Torr(?)^HT' 1 O^^r^^ffbT, A 1 bT h 

, 2 OnmJiiODC o - F ejK75)^?3:^^||2(D3^?^ttM 1 0 5. 2 0nmM(DNi-M 
[0 0 3 3] 

^^m^^ (PM) /#^ffiI^$:^Mb y :7 h:t7t-SX^ (04 ( c ) ) , cfi 
JfeM^i:«^MJic*^^^<5m^-$:/N°^>fl:f -SX^ (04 (d) ) . TMR)^® 

h^v ^m^M^^^mmm^v y (04 (e) > , (04 (f 

) ) ^mrnvt^o 

[0 0 3 4] 

•^TMRj^ 110 1 ^m^l^ (0 8 (a) ) , y h V^T^^ 110 2$: 

?^^b (08 (b) ) , -r5^->^:f-A$:Mv^T/^°^->^bfc (0 8 (c) ) » 
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mmi 10 4, CoCr P t *^e)^'5*^?^SM 1 10 5, Rt^. T aA^e>^<5 

4¥m^mi 1 0 6^mm.L ms (d) ) , vyhyfyLtc: (0 8 (e) ) „ i 

r=.n^o ^ e)JC. ttfiH^^^f h Ut/::^ h"7Xi57 i i o 2 lc*fLTI^^^L< liipg 
m<Dy7t h ut^yf. h^:^^ 110 7 ^m^v (08 (f ) ) , ^i^M 1 1 0 8 S: 

T^z-^^y^mmi^ (08 (g) ) , u 7 h^r^bT^^L;^ (as (h) > „ -e® 

) ) , ■^^iz±i/-n/\^iiLxmms /im(DN i-F em^yiy-^i^-o^mx' 
/■^^xym^Ltc (04 (h) ) . 

[0 0 3 5] 

, ZltlS: 2 6 Or-e 1 ^^l^^-fCLfeo ri?ClC7 ^^{Ci: U C u 3>f ;i/ 

ty-jv\^<Dmit^Mm:^\^izm^^ 1 koe^^oHL, 2 0 ox:x im^mmmLtc 
o zitnzj:i)±mm(Dm%m:&mi}^^^itht:L. rkizn^m'^mmm<^mm(DB\ 

(Dmz. nm. K^^^m^^rj^:r.tiiim-t^^m^m<Dmit^m^^r^i^iz. 

AB s®icS[t::&iojic 3 Koe(D—:^\&im^^^mL'D^ 2 5 o"c-e 1 ^m<Dm^ 

[0 0 3 6] 

0 1 1 <ovtm^m(Dmm:^miz j:^x^mi <Dmmmmm(Dm%m.mm^mm 
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Ml OilLTTa. miCO^m^mi lilUTNi-Fe, mmM 1 2iiLXA 

im^^^^L mi 1 (a) ) , M^^izxumm^mAL. mmmi zoymm 
^^mkithxvy%)\yn')rmi z^i^m.-t^ mn (b) ) „ ^^>cv^T% n 

2(D^^ttMl 4 i:LTCo-F e (H 1 1 (c) ) , 1 5 

hLTN i -MnSrfj^^LT (BI 1 1 (d) ) . TM R^^(Z)»;*i:^jt 5:^^!^$ 

[0 0 3 7] 

0 1 2 (^tie5f5sr$g(Dig5t:i^^fc J: o T 1 

mi(Z)^?^14Ml li:LTNi-Fe$:^|^^ (01 2 (a) ) , X^*lC^^ 

.$:#AbTz:(Z)^Mlcm^t:M2 i ^^^t^nU (0i 2 (b) ) $:i(n;^So 
©X^T#mMi:LTA 1)^1 2 5:^M-tSl^tc, H 1 l l*^e)#« 

(c) ) „ #«Mi 2 5:^11^, n^^mnv-D-Dmrnm^mK-^^t.. mnm 

;i//N'UTM2 4:6^?^^$ti-5 (012 (d) ) „ r(D*:^T'tt, mM^MKm-t 
e $:^ML (012 (e) ) , BL^^^M 1 5 i: LTN i -MnSrfi^l^LT, T 

M'Rm^o^m^m^^%m^^^ (012 (f) ) „ z.a)i3mxmm.\^t=.TMK 

[0 0 3 8] 
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[0 0 3 9] 

mmmmm 5 

AB smti^hM.r=.mmm'^^m-t. mmmmmi ^(om^^^t. ^m^mi 09 n 

[0 0 4 0] 

mi^t=.o x^-f ^s:^^-r€>A I2O3-T i c^-^-fe^^ y ^7Jb^e>^-& 1^7 01 /\s 

^±IC. ::^/\°^y ^JJg^tCfc Um^l yttm(DC oMo Z rM§:?^J^L/. Ti/-;^ KS 
1 (10 1) ^LTA°^r>fbLfco ZKDC oMo Z rl^(D?^^^lCl±, 0 5®^ 
:&^t^lC-^|^H£®^^#$:PPJnU:/^<. 3(D^^C, i®?^^M;?ffi;^fnIlC5 0 OOe 

<z)-:S'fpji^#$:PPinLoo3 5 ox:i? 1 mm(D^mm^m^n^t=.. 

[0 0 4 1 ] 

tt, ^•rT^-;UKS 1M7&^^0JC, 3 Onm^(DT aj^l 0 2, lOnmffODNi 
-F el^*^e>^^l|l C[)5^?^ffiSl 0 3. 2nmJ?(Z)A lM35>^P>^S#mSS:J*ic 

ffi:^J 1X10 "'^TorrJg^^T. A r BiJ 1 0 mTorr, ]SMM«:^J 2 0 0 WT^ o T^o 
<^{C, X7^°^y ^^g|^tcM^*$:^AL/. ^^JEtij 2 0 mTorr— 2 0 0 Torr® 

^HT'i o^munLx. Aimmmmm^m^tLx hy^)v/ivrmi 0 4^ 
m^vt:io mm^mM.i^xAv^cf'^y\^s.ijizmrMvr=.^. 2 0nmjp:®co- 

F emf)-'^^Jt^m2<D^miim 1 0 -&.XJ^. 2 0nmJp:®N l -Mnl^Tb^e^^^S 
[0 0 4 2] 

l|2CD^?^14M 1 0 5®?^^b$:E5® AB SMIC^^ LTSDl::&InI{C@^ 
■tSTtfetC, AB S®{C>i^fLTIiit:75'l^lC 3 kOe<Z)— ^fRH^^$:mLo-:3 2 7 
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0 7. C o C r P t ;^)^e>5&-g>*:XaS» 1 0 8, T a e> ^-2>#N^ttM 1 0 9 , 
[0 0 4 3] 

±i/-;i/Kl 1 1 ^mm.-t^mmz fim(DN i -F el^SrJ^^b, rJV^±lZ^ 

yyt^ hut^:7.hizj:^x±r^m/wxmmi^t^o -^(Dm. ^-r, rm(Dmm^t: 

[0 0 4 4] 

mz. mm^y \^(D±mmi i 3 ^mm.-t^mm4: M-m<DN i - f em^yiy 

IZ3 K0e<D-:^\^m^^W1}UL-D-D 2 5 OtDT' 1 ^^©I^^S^r^f o fee 
[0 0 4 5] 
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«M1 1 1 ilCD^lC^i^M 1 1 0 $:^tL:&V^3i:T'fe<5„ -t^fctx, TMRj^i: 
LXit. trrty-JVY^S imiS^^miZ. 3 OnmJ?(?)TaMl 0 2, 20nmjP(Z) 
P t -MnM*^^:&S;KS^^^^£)^l 0 6, 2 0 nm^® C o I^A^ 2 ©l^-ffi 

Ml 0 5. ^t>\ 2nm^®A l|^7b>^jS;S#«MS:3^^LT:^A>y ^^«Lfco 

:^;i/A'yrMi 0 4:^mmi^t=.. mm^mm.i^x Ay ^ ^'^y \^mt!izmmLt=. 

1 Onm^(Z)Ni-Fe-CoM*^6^'Sl|l(D^a'SMl 0 3, 3 0 nm 

©T a*>e>«:S#?^tt#«Ml 1 4 $:M^LTX7t^y 3©^, ^2 

©^J^ttMl 0 5i:;5^?^ttMl 0 6^®^{C3^^M^?^#$:|g^$-fr, ^2© 

^M^M 1 0 b(Dmit^m2(DAB swizMhX^W::^mzm^-t^t=.&)iz^ A 

B S®{CMLTSfl::&|Bl{C3 kOe®-:j^|B^?^#$:mboo 2 7 OrT- 5^K© 
[0 0 4 6] 

mm^^lM-^'^X^l oh/cm^^Xit±<^ittf^Ui^^fjtil}^^t^^ 5X1 O^A/c 

m^x%m.tfLm(Dmtm^t./vifm<. mMmmmtm^m i o%(D^^piz±t^ 

X^^fco TMR^^y K(7)^-^m:^«JE^ bXli, 1 0 ^A/cm^^^gg^^-ej^ 1 mV 
,5X1 O^A/cm2-ejjt<j3mV-efeo:^o ^©^^5:11^?^^^ FlCffiVNfc^'^, 
iff#li3Gb/in2^±a)gB0^^lC, =^#3 0 Gb/in2j|ji^±©|B^^;glC#^#/ST' 

[0 0 4 7] 
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-;i/KS 1 ilLT/N'^V-ffcL/fe (0 7 (a) ) 0 3 ® F e Z r N|^(7)^^!ISIS: 5 

[0 0 4 8] 

miz7.Ay^mizj:i)^:^mmii^j^^TMRm^m^i^r:L mi (b) ) „ t 

MRH^lLTli. t.-f~fty-JV\^Simf}^^miC. 3 Onmj^^T ai^l 0 2, 1 
OnmmCDN i-F emf}^^^Jt^f$l<DmM^mi 0 3. ;a.t)f, 2nmJ?OAim*^ 

'^TA-/ ^ KJffiiJ 1X1 0"'^TorraT, A r 1 OmTorr, 

2 0 0WTfeo7^o ?j^lC, ^^g|^lCM^^$:»AL/, mmBE:^J^2 OmT 

orr'-2 0 OTorr®^HT' 1 O^mUWLX. A 1 mMMmm^m^tl^X h>:^ 

, 2 Onm^CDC o - F e|^7()^e>^-2>l|2C[)^?^ttMl 0 5, 2 0 nmJ^ODN i -M 

[0 0 4 9] 

ii^i^/^^i^^Sm (PM) /#<^ttll^^)gLU >'h:r>'-r-g>Xg (07 (c) 

) , ^^mm^t^^mi^^^^fj^^m^^^^^yit-t^jim mi (d) > 

[0 0 5 0] 

MRmc?)A°^>>fkXjg$:^i-„ Btfsa«)^^T'TMRMl 10 1 ^m^L (0 9 ( 
a) ) . yyfh UP:^ h-^:^^ 110 2 S:?^figL/ (09 (b) ) , ^f^T^lf-A 
SrffiVNT/N'^-^i^bfc (09 (c) ) o Zi(DUP:7.h^'t(Dt.t.izVX:^^'^^y 
^MMiZ^i). T;l/^:^*^^^S#^'f^$6^M 1 1 0 4, C o C r P t 
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) ) , U7h:t7L:^ (09 (e) ) „ ZKD^SfC i:, TM R|l$:/\°^ V-fb 

mmni^xMv m-tr:Li^<DmmmK'r:^mi-f^jm (E7 (g) > , ■^^k±^> 

-)V]^ilhrmmS fimCDN i -F em^yi^-^i^^^mX'7^^ym^Lt:L ( 
07 (h) ) o 

[0 0 5 1] 

. rti€:2 6 OX^T'l^P^l^^^bL^o 7j^lc:7l/-A^^y^^tCj;»JCu3>f;i/ 

|^IC%2 6 OiCT'l^^f^jia.aLfc„ MIC, fH^®±?^^S:^^-rSj^J?4 Mm 
®N i -F ej^^rv' b-A^ -;:^r^T'?^^Lfeo K 

(rim\M$in-n^\z.M.n^ i koeprr^oDu, 2 o ox^x- 1 n^mmMx^fz.. ^nic 

[0 0 5 2] 

?^#$:m*nboo2 5 0X:T 1 ^P^CO^^a^r^f ofeo 
[0 0 5 3] 

TMRM(Z)?^^S:01 2lC^U;tt«^5f5®;^^S:fflVxT^f e>3i:7b^T'#^„ 1^0 
^CfeV^T, TalC4:5T:^Ml 0±lC, N i - F e 8) ^ISII 1 (Z)^?^ttM 1 1 
=&J5^m#& (012 (a) ) , K^tfi{cmm$:#ALTz:®*®{CgEffcM2 1 5:?^ 
fSf-SXS (012 (b) ) SriOX.'Si:, iS^COXgXA imA^e>^-5#«M 1 2 
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Ml 2miz^mitm2 3i}^mm^ti^ mi 2 (c) > „ mmmi 2 ^mm^. 
M^^m^iy^-oumm^mA-t^t. mnmi 2<Dm^o)j^mmitmi^. mm 

12 (d) ) o :i(D:^m-vit. 3t^^ttS^c^•t-5M:^®#^s^c^«« 1 2<Dmit 

b/c^, Co-F e*^e>^Sm2(Z)MffiMl 4 $:fi^llL (01 2 (e) ), N 
i -Mn;^>^^^:5M^^^ttMl S^^l^LT, TM R^^CD»:*:lp5t 

(012 (f) ) „ r®^^T^?^^UfeTMR]^lC33VNTt^, ±sHi:l^^®*g 

[0 0 5 4] 

z: 5^ 5 ^rjf^ 6 ©llM?^^,M-e#;t*S^ ^r^-otco 

[0 0 5 5] 

CDS^I^ttMli, N i -F e|^tC|5g^$4x-r, Fe, Co, N i ©jn^^r^tf^^ 
[0 0 5 6] 

m2©^a'ffiMii> Co-F eMtcPI^^tl-r, Fe, Co, Ni^fc 
[0 0 5 7] 

^KS^I^-ffij^tt, N i -MnlCPS^^tl-r, Mn-X (XliCr, Fe, 
Co, Ni, Tc, Ru, Rh, P d , Re, Os, Ir, P t $ tl-S 

[0 0 5 8] 

TMRj^CDT^Mtt. T a iCPS^^tl-r, Ti, V, Cr, Mn, Fe 
, Co, Ni, Cu, Zr, Nb, Mo, Tc, Ru, Rh, Pd, Hf, Ta 
, W, Re, Os, Ir, Pt, S i fJ^^MIR^tl^^pfJ^ < t ^ I mm(D7t,m^ 
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[0 0 5 9] 

^fe, Kli. C o T a Z rMlC|5g^$tl-r. Fe, Co, N i S:^ 

m^t-t^mm^^^. $>^^^it. Co-M (MtiTi, V, Cr, Fe, Ni 
, Cu, Zr, Nb, Mo, To, Ru, Rh, P d , Hf, Ta, W, Re, 

os, I r, pt. Si, Aiti^^mm-^n^:i^^fjt<t.%imm(Djirim) 

^t.-t^0^Mmmii^±. fe-g>V>tt, T-A-B (TliFe, Co, Nii)^^ 
miH-^tl^'ptjt< t%imM<Dfcm. A^TI, V, Cr, Cu, Zr, Nb, 
Mo, Tc, Ru, Rh, Pd, Hf, Ta, W, Re, Os, Ir, Pt, S 

i, Aiti^^mm^ns<pfjt< imm(D^m> bi^b, c, n, o;&^p>3g^ 

S i -A 1 ^r^^^iif^^l^ttA^T'fetiii, mmoyU^i}m^ti^o 

[0 0 6 0] 
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h>'N°^>^?^, (f) itmmmv-7h7ty. (g) 
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